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b suMMARY

4 A flighttestwas=de of a multijet60°delta-wingairplanecon-
figurationwhosetwin-engineexhaustswerelocatedat 18.5percentof
thewingsemispsm,38.3percentof therootchord,and1.5 jetdiameters
belowthewingmeanchordline. DatawereobtainedforJet-onflight
conditionsbetweenMachnunibersof 1.23and1.29and forjet-offflight
conditionsbetweenMachnumbersof 1.23and1.62. TherangeofReynolds
numberswas from23.8x 106to 35.o x 106.

The dragcoefficientsforjet-onflightwerelowerthanthe corre-
spondingdragcoefficientsfor jet-offflight.Althoughtheparticular
locationsof theexhaustfairingreducedjet-offliftcoefficientsbelow
thosewhichwouldnormallybe obtainedfora symnetricslmodel,operation
of thejetincreasedtheliftcoefficientsandthelift-curveslope.

OvertheMachnumberrangeforwhichjet-ondatawereobtained,the
longitudinalstatic-stabilityderivativeanddampingderivativesshowed
littledifferencebetweenjet-onandjet-offflight.

INTRODUCTION

The engineinstallationproblemhasbecomea majorfactori+ the
designof supersonicairplanes.In additionto theeffectsof inlet
typeandlocationon thedragandtheinfluenceof theenginelocation

- on theairplanegeometry,thepropulsivejetcanexertan appreciable
effecton theliftanddragof theairplane.As partof an investigation
of theseproblemsby theLangleyPilotlessAircraftResearchDivision,

. a studyis beingmadeof theeffectof thepropulsivejeton theaero-
dynamiccharacteristicsof airplaneconfigurations.
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Theproblemof obtaininglow-dragsuperso~cmulti-jetbombercon-
figurationshasbeenparticularlytroublesome(ref.1),becausethecroBs-
sectionalareaof thenacellestendsto concentrateat or nesrthemax-
imumcross-sectionalareaof thefuselageandwing,decreasingthe
effectivefinenessratioof theconfiguration.One solutionto thisprob-
lemwasproposed:namely,to locateonepairof enginesin thefuselage
noseanda secondpairin thel?uselagetail. Thus,theenginelocatione
not onlyimprovethecross-sectionalareadistributionbutalsosimplify
theproblemofbalancingtheairplane.Thistypeof configurationhas
shownconsiderablepromiseas a possiblempersonicflyingboat(ref.2).
Fortheseairplanes,thepracticallocationfortheforwardjetexits
liesunderneaththewing,thusprovidinga possibilityof a considerable
amountof jet-inducedliftat supersonicspeeds(refs.3 and4).

The investigationreportedhereinwas a flighttestof a delta-wing
bomberconfigurationwithtwopropulsivejetsexhaustingunderthefor-
wardportionof thewings. Thetestsweredesignedto studytheeffect
of thepropulsivejeton thedrag,lift,andtrimcharacteristicsof
thisconfigurationandto comparemeasured.valuesoflift andtrim”changes
betweenjet-onandjet-offflightwithpredictedvaluesobtainedfrom
theactionof a jeton a flatplateat zeroangleof”attack.

Thepropulsivejetissuingfromtwinsonicexhaustnozzlessimulated
theexhaustparametersof a currentturbojetat an altitudeof 35,000
feetanda Machnumberof 1.5 bj utilizing”asolid-propellantrocket
motordesignedaccordingto reference5.

Theflighttestwasmadeat theLangleyPilotlessAircraftResearch
Stationat WallopsIsland,Va. TheMachnumberrangeof thesetestswas
from1.23to 1.62andtheReynoldsnumberFangefrom”23.8x 106to
35.0X 106.
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SYMBOLS

cross-sectionalareaof anylongitudinalstation,sq ft

distancefromleadingedgeof meanaerodynamicchordto aero-
dynamiccenterof model,percent.gfmeanaerodynamicchord,
positiverearward .-

dragcoefficient,Drag/qs

liftcoefficient,Lift/qs

slopeof liftcurve,dCL/&%,per deg

trimliftcoefficient
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*
cm pitching-momentcoefficient,withrespectto centerof gravity,

& Pitchingmoment

qsz

dCm
cm static-stabilityderivative,~, perdeg

UuJ

yer radian

h’

.

‘)~‘5;\zi
%
wing

wing

trim

longitudinaldampingderivatives,perradian

meanaerodynamicchord,ft
Pw - P.

static-pressurecoefficient,
~

wingstatic-pressurecoefficient

fuselagelength,ft

Machnumber,
v

Speedof sound

period,sec

staticpressure,lb/fsqft

dynamicpressure,lb/sqft

Reynoldsnunber(basedon meanaerodynamicchord)

radiusof equivalentbodyof revolution,ft

wingarea(includingtheareaenclosedwithinthefuselage),sq ft

timerequiredfor short-periodoscillationto dampto one-half
amplitude,sec
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t time,see
●J
_—

v velocityof flight,ft/sec &—

x distancealongfuselagecenterlinemeasuredfromnose,ft

z/dj distancebelowwingsurfacein jetdiameters

a angleof attack,measuredfromfuselagereferenceline,deg

—

trimangleof attack,deg =.

angleofpitch,measuredfromfuselagereferenceline,radians
t

.
6 = QQ,radian9/sec

Subscripts:

o free-streamcondition

2 jet

w wing

—

—
k-

MODELANDAPPARATUS

Model

A three-viewdrawingof theflightmodelis shownin
thebasicgeometricparametersaretabulatedIn table1.

-.

figure1 and
Thebasiccon-

figurationconsistedof a triangularwingwith60°sweepbackon the
leadingedgeand10°sweepforwardon thetrailingedge,mountedon a
bodyof revolutionwhoseordinatesaregivenin tableII. Thewing,
10.67squarefeetin totalplan-formarea,hadan NACA65Ao04airfoil
sectionandwasfairedto thefuselageby mtiiifiedtriangularfillets,
as shownin figure1. Twohexagonalairfoilfins2.5percentthickat
therootwereusedforverticalfins. Threepulserocketswerelocated
in thenose.todisturbthemodelin pitch. K“

Thegenerallocationof theenginejetfairingis shownin”figure1.
Detaildimensionsof thefairingandnozzlesareshow-infigure2(a). &
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Basically,thefai.ringconsistsof a pointednose,a straightsection,
anda circularconicalboattailof 7.5° half-angle.Figure2(b)is a

% photographof theenginenozzleandfairingviewedfromthebottomrear.
A photographof themodelshowingtheenginefairingsis givenin fig-
ure 3. The cross-sectionalareadistributionof the completeconfigu-
rationis shownin figure4 togetherwithitse~uivalentbodyof
revolution.

Thebasicturbojetsimulatorutilizedin thismodelconsistedof
a combustionchamber,a flow-controlnozzle,a plenumchamber,andtwin
convergentsonicexitsections.A standardcorditeSU/K propellant
graingeneratedthenecessaryexhaustgasesto simulatecurrentfull-
scaletmbojet exhaustparameters.(Seeref.5.) The jet-exitdiameter
was2.&1inchesandthejet-basediameterwas 2.75inches,corresponding
to a jetareaof 0.0369squarefootanda jet-baseareaof 0.0415square
foot. Weight,centerof gravity,andmomentof inertiaforthemodel

F withandwithoutrocketfuelarepresentedin tableIII.

J ModelInstrumentation

A six-channeltelemeterwhichwas carriedin thenoseof themodel
continuouslytransmittedmeasurementsof free-streamtotalpressure,
angleof attack,longitudinalandnormalacceleration;eombustion-
chamberpressure,andwingstaticpressure.Thewingstatic-pressue
orificewas locatedon thebottomof thewingas shownin figure1. The
normalaccelerometerwas locatedat station32.56,19.60inchesforward
of theinitial.centerof @avity.

The rocket-motorcombustion-chamberpressureinstrumentandtelem-
eterwerecheckedin a preflightmotorfiringin theLangleyrocket
testcell. Usingthedatafromthistesta calibrationcurveof the
rocketthrust,exhaustingintoa vacuum,as a functionof the combustion-
chamberpre~surewas obtained.

Datafortheflighttestswereobtainedby use of telemeter,
CW Dopplerveloctieter,trackingradar,andradiosonde.The radiosonde
gavea surveyof theatmosphericconditionsoverthetestaltitude.
Themodelvelocityobtainedwiththevelocimeterwas correctedfor
windvelocitywhichwas determinedfromrawinsondemeasurements.

F’LIGHTTESTS

*

Themodelwas launchedfroma mobilelauncher(fig.3). TwoAEL
. Deaconrocketmotorsboostedthe configurationto thepeakMachnumber

Jet-offdatawereobtainedduringthedeceleratingflightaftersepa-
rationof themodelfromthebooster.Jet-ondatawereobtained

.
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duringfiringof theturbojetsimulatorwhichwas startedat thelowest
te8tMachnumber.ThelimitedMachnumberrangeof jet-ondatawasa
byproductof lowaccelerationcausedby highmodeldragandthelow
scalethrust.Duringjet-offflighta pulserocketdisturbedthemodel
inpitch,anda disturbanceinpitchwasalsoobtainedwhentheturboj_et
simulatormotorfired. ThevariationofReynoldsnumberbasedon wing
meanaerodynamicchordwithMachnumberforjet-onandjet-offflight
is presentedin figure5.

Theangleof attackandnormalaccelerometerdatawerecorrected
to themodelcenterof gravity.Themethodof obtainingjet-onand jet-
offdragdatawas explainedin reference6 and themethodof deter~ning
liftandlongitudinalstabilitydatafromtransientdisturbancesin
pitchis givenin reference7. All liftcoefficientspresentedhavehad
theliftcomponentdueto the jetsubtracted,exceptwhereotherwise
stated.

RESULTSANDDISCUSSION

Effectof Jeton Drag

Thevariationof dragcoefficientswithangleof attackforjet-on
andjet-offconditionsis shownin figure6. Thedatapresentedfor __
jet-onflightwereat an averageMachnumiberof 1.23,whereasthosefor
jet-offflightwereat an averageMachnumberof 1.31. Thesedataindi-
catethattheangleof attackforminimumdragcoefficientincreasesby
approximatelyone-halfof a degreefromjet-onto jet-offflight.The
variationof dragcoefficientat trimangleof attackwithMachnumber
ispresentedin figure7 andthevariationof trimangleof attackwith
Machnumberispresentedin figure8.

Fromthehag coefficientsof figure7, it canbe seenthatthe
jet-ondragcoefficientsarelowerthanthejet-offdragcoefficients.
The smallchangein triman”aeof attackdueto the jetdoesnot change
thedragcoefficientby an appreciableamount.Furthermoretheapprox-
imatedifferencebetweenjet-onandjet-offenginebasedragcoefficient
(basedon totalwingarea)obtainedfromreference6 was0.0006at Mach
numbersfrom1.23to 1.31. Themeasureddifferencebetweenjet-onand
jet-offdragcoefficientsis considerablygreaterthanthisdifference
in basedragcoefficientandthatdueto thechangein trimangleof
attack.Thereductionof &ragcoefficientbetweenjet-offand jet-on
flightis causedby jeteffectssuchas positivePress.weincrements
actingon theboattailor by thejetacting
configuration.

k

. .

favorablyon thecomplete

w
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ExhauBtandwingfairingsweredesignedfromthestandpointof

simplegeometryand constructioninsteadof lowdrag. Hence,comparison
& of thedragcoefficientsof thisconfigurationwithsimilarmul.-tijet

configurations(ref.1) indicatesthatthe supersonicdragcoefficient
is comparativelyhigh.

JetEffectonLift

Thevariationsof liftcoefficientwithangleof attackforjet-on
flightat a Machnumberof 1.23andforjet-offflightat a Machnumber
of 1.31areplottedin figure9. Includedin thevaluesforjet-onlift
coefficientsis theupwardthrustcomponentof thepropulsivejet. The
liftcoefficientdueto theupwardthrustcomponentwas subtractedfrom
themeasuredliftcoefficientsof figure9 to obtaintheliftcoefficient
of thecori?igurationincludingthe incrementdueto thepressurefield
of thepropulsivejet. Thesejet-onliftcoefficientsareplottedin

s figure10. Sincethemeasued liftcoefficientsforjet-offfli@
wereobtainedat an averageMachnumberof 1.31, the jet-offlift-curve
slopewas correctedto thatof ~ch number1.-23by usingtheratioof4 lift-curveslopesforan aspect-ratio-2triangular-wingandbodycombi-
nationat therespectiveMachnumbers(ref.8). Thisincreasedthe
lift-curveslopefrom0.0407at a Machnumberof 1.31t.o0.0415at a
Machnumberof 1.23. Thisvalueof lift-curveslopewasplottedin
figure10 throughthetrimliftcoefficientandtrimangleof attack.
It is apparentthatoperationof thejethas increasedboththelift-
curveslopeandtheliftcoefficients.Alsoit maybe notedthatthe
exhaustfairingshavereducedtheliftcoefficientsbelowthosewhich
wouldnormallybe obtainedwitha symmetricalmodel.

The experimentalvaluesof lift-curveslopeareplottedin fig-
ure11,togetherwithdatafromreferences8 and9 foran aspect-ratio-
2 deltawinglocatedin a midwingposition.The exhaustfairlngshave
reducedthejet-offlift-cui?veslopebelowthatof the symmetricalmodels.
Althoughpartof thedifferencemaybe dueto wingelasticity,an appre-
ciableportionof thereductionin lift-curveslopeis believeddueto
theexhaustfairingsandnozzlelocation.The effectof thejetwas
favorableovertheangle-of-attackrangeandMachnumbervaluesfor
whichdatawereobtained.

Thetrimliftcoefficientfor jet-onandjet-offflightis given
in figure12. The changein trimangleof attackbetweenjet-onand
jet-offflight(fig.8) was small. Thus,thelargedifferencein trim
liftcoeff’ici.entwas attributableto the incrementinwingliftcaused

* by the jetpressurefield.

Althoughtherewereno experimentaldataforthe jet-inducedincre-4
mentalliftfortheMachnuniberrangeof theflighttest,unpublished
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dataon thejet-inducedincrementalpressvreson a flatplateat 0° angle
of attackandat a Machnumberof 1.39wereavailable.ABsumingthat
thisincrementalpressuredistributionactedon thedeltawing,inte-
grationof thedistributionsgivesthechangein lift_coefficients
betweenjet-onandjet-offflight.Theseresults=e_shownin figure13
as a functionof jetdistancebelowthewingsurface.Incrementallift
coefficientsfortheflatplatevariedfrom0.039to 0.053,whilethe
incrementalliftcoefficientforthepresentconfigurationwas0.044.
Theresultsof thisflighttestshow,therefore,thatat zeroangleof
attack,thechangein liftcoefficientbetweenjet-onandjet-offflight
canbe reasonablyestimatedfromdataon thepressurefieldon a flat
plateinducedby an exhauatjet.

Thevariationof jet-exitstatic-pressureratio pj/po andwing

trimstatic-pressurecoefficientsispresentedin figures14 and15,
respectively.Thevariationsof wingstatic-pressurecoefficientwith
angleof attackat Machnumbersof 1.59and1.31forjet-offflightand
at a Machnumberof 1.23for jet-onflightareplottedin figureI-6.
Thesedatashowthata positiveincrementinpressurecoefficient
betweenjet-offandjet-onconditionswas obtainedat-thewingstatic-
pressureorifice.References3 and4 alsoshowthatfor the ssmerela-
tivepositionfromnacelleexita positive.incrementinpresswe coeffi-
cientoccurredat zeroangleof attack.

i,w“

.

1

0

StaticLongitudinalStability

Theperiodof thelongitudinaloscillationsof theangleof attack
is givenin fi~e 17. Theperiodwasusedto computethestati.c-
stabilityderivativeC% whichis shownin figure18. Althougha
verylimitedamountof datawas obtainedfromthesetests,thestatic-
stabilityderivativeappesrsinsensitiveto jetaction.Theaer*amic
center(fig.19)ccmrputedby usingexperimentalvaluesof ~ ~and~

a.
alsoappearsinse~itiveto jetoperation.

The changein trimangleof attackdueto thejetoperation(fig.8)
was nearlyequalto thatrequiredto compensateforthethrusteccen-
tricityof thejetengines.The computedchangein trimangledueto
thethrusteccentricitywas0.61,whilethemeasuredtrimchangeat a
Machnumberof 1.23was 0.50. It shouldbe reemphasizedthata very
smallMachnumberrangewas coveredandat higherMachnumbersthejet
may exerta greaterinfluenceon trimangleof attack.
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DynamicLongitudinalStability

% Thetimerequiredforthe short-periodlongitudinaloscillationto
dampto one-halfamplitudeis shownin figure20 andthedampingderiva-
tives(C%+ C~)=eshowinfiWe 21. The effectof jetoperati,on
on thedampingderivativesappearsto be smallat theMachnumberfor
whichjet-ondatawereobtained.The jet-offdataindicatethatthe
modelhadmoredampingat a Machnumberof 1.59thanat a Machnumber
of 1.3or 1.23. Alsoplottedin figure21 aretheoreticalvaluesof
dampingderivativesforthismodel,computedby themethodof reference10,
andexperimentalvaluesof dampingderivativesobtainedfromreference9.
Reference9 indicatesfairagreementwiththetheoreticalvalues plotted,
whereastheexperimentalvaluesof dampingderivativesfromthistest
indicatelowerd~ing thanthetheoreticalvaluesforthelowertest
Machnumbersandhigherdampingat a MachnumberOf ~.58.

&
CONCLUDING REMARKS

-1

A flighttestof a twin-jetdelta-wingbomberwasmadebetweenMach
numberso

E
1.23and1.62andReynoldsnumber~of 23.8x 106and

35.OX1O . Dataobtainedduringflighttestswiththe jetoperating
(atMachnumbersfroml.23to 1.29)andwithno jetindicatedthe
followingconclusions:

1. The jet-ondragcoefficientsof the configurationwerelower
thanthe jet-offdragcoefficients.

2. The jet-onliftcoefficientsandlift-curveslopewerelarger
thanthe jet:offvaluesat correspondinganglesof attack. It appears
ihattheincrementalliftcoefficientscanbe reasonablyestimated
fromtheincrementalliftproducedby jeteffectson a flatplateat
zeroangleof attack.

3. The installationof theexhaustnozzlesandtheirfairings
reducedtheliftcoefficientsforthe jet-offcasefromthatwhichnor-
mallywouldbe expectedfroma symmetricalmodelat zeroangleof attack.
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4.The staticanddynamiclongitudinalstabilityderivativeswere
apparentlyaffectedveryslightlyby theoperationof thejet.

‘k,

LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

LangleyField,Vs.,September12,1955.

.
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TAELEI.-GEOMETRICCHARACTERISTICSOF MODELTESTED

Fuselage:
Finenessratioof equivalentb@y
Totalfrontalarea,sq ft

sq ft.....Base area

Wing:
Aspectratio . . . . . . .
Taperratio. . . . . . . .
Meanaerodynamicchord,ft
Airfoilsection. . . . . .
Totalplan-formarea,sq ft

Enginefairing(for
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Jet-exitarea,sq
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Taperratio, Tip
Airfoilsection.
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TAELEII.- FUSELAGEORDINATES

[All dimensionsin inches.All letterdimensionsdefined
in the sketchapplyonlyto thistable] “

/-R

x

o
.875

1.120
2.100
5.675
10.675
15.575 ‘
20.475
25.375
31.075
35.063
78.308
78.683
79.683
&. 683
81.683
82.933

R

o
.168
.224
.460 .

1.245
2.155
2.785
3.220
3.5ilo
3.5Q0
3.500
3.500
3.437
3.268
3.099
2.930
2.875

T

-----
-----
-----
-----
-----
-----
-----
-----
-----
0
.906
.906
.935
.830
.655
.3&)

o

w

-----
-----
.----
-----
-----
-----
-----
-----
-----

0
1.18(3
1.188
1.170
1.020
.770
.440

0

13

A

-----
-----
-----
-----
-----
-----
-----
-----
-----
0
2.650
2.673
2.610
2.320
1.930
1.410
0

t
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PHYSICALCHARACTERISTICSOF MODELTESTED

Characteristic

Weight,lb . . ... . . .

Center-of-gravityposition,
percentof 5 . . ... . .

Momentof inertiainpitch
aboutcenterof gravity,
61ug-ft2. . , . . . . ●

Jet on
Jet off

M= 1.23 M= 1.28

lgg.25 197.55 lgo.k7

29.78 I 29.60 I 28.’75 I
.

11.0446 10.936 10.698
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Figure 1.- Three-viewdrawingof the flight rmdel. AH linear dimemims
are in inches.
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>’- Pu9elage center line
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Coordinates for Exhaust Fairing

Sta x Sta y Radius R
r

p): .218 .218

!4
. 20

i
● 20

2:900 . 30

k

. 50

$

.000 1. 10
!?

1. 0
.688 1. 1

$

1. 13
●375 2.5 1.813

12.250 5.6 0 1.813

750P-p
5.187

di

2.600 diajn.

6 dim.

I 1 I I

(a) Side view of exhauet nozzle.aud engine fairlng. All linear dlnmn-
sions are in inches;all letterd-im?nslonsapply only to this figure.

!
Figure 2.- Ilhmtratiom of the exhaustnozzlefland fairings.
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Figure3.- Modelandboosteron launcher. L-88147.1,——
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(a) Equivalentbcdy of revolution. Flnenesa ratio, 8.25.)

.012

.008
A/l2
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I Fuselage

\ Wlng

/

~Tail

o .1 ●2 .5 .L .5 .6 .7 .8 .9 1.0 1.1
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